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It has been shown by Todd (1) and by Andrewes (2) that mixtures 
of a  virus,  e.g.,  vaccine virus  with its specific  antiserum which  are 
without effect when introduced into the skin of a rabbit, become lesion- 
producing if diluted with Ringer's solution.  Prior to the observation 
of  this  phenomenon,  it was  generally considered  that  if a  virus  is 
placed  in  contact  with its  specific immune  serum  in  vitro,  either  a 
destruction of the virus takes place or union occurs between the two 
with loss  of infectivity--so-called neutralization of  the  virus.  The 
discovery of the  dilution effect has  completely changed current con- 
ceptions of the phenomenon. 
The nature of antigen-antibody reactions in general is still unsolved.  Ehrlich 
(3) believed that the toxin-antitoxin  reaction, resembling in certain features that 
of the virus-immune serum mixtures, is analogous to the interaction of a strong 
acid and a strong base, which is complete in one direction and only imperfectly 
reversible.  Arrhenlns and Madsen (4) are opposed to this conception and regard 
the toxin-antitoxin  reaction as resembling that of a weak acid and a weak base, 
leading to an equilibrium when appreciable amounts of both reacting substances 
and neutral salt are present,  Bordet (5) disagrees with both and looks upon the 
toxin-antitoxin reaction as an adsorption  phenomenon in which the antitoxin is 
distributed equally upon all of the toxin molecules.  Still less is known about the 
nature of the immunological reaction  of virus and specific immune serum  than 
about the toxin-antitoxin  neutralization. 
The purpose of the present paper is to record certain observations 
made upon neutral mixtures of vaccine virus and its immune serum 
under various conditions? 
I We wish to thank Dr. D. A. MacInnes of  The Rockefeller Institute for some 
useful suggestions. 
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EXPEI~  IM'E~NTAL 
Source of Virv,  s.  The vaccine virus consisted of the Levaditi (6) strain of neuro- 
vaccine, propagated in rabbits' testicles after the method of Noguchi (7).  The 
testicles of normal rabbits  were inoculated with a saline suspension of this virus 
and two or three days later,  when they exhibited marked orchitis,  the animals 
were etherized, exsanguinated, and the organs removed under aseptic conditions. 
The testicles were weighed, minced, and ground in a mortar with a small amount of 
sand, to which Ringer's solution or distilled water was added to make a l0 per cent 
suspension.  The suspension was centrifuged at a low speed for a minute and the 
supernatant fluid decanted.  The fluid was arbitrarily designated a  1 : 10 dilution 
of the virus.  The procedure of preparation of the suspension was carried out un- 
der under sterile conditions. 
I~nmune  Serum.  This was obtained from rabbits  which had recovered from 
characteristic experimental vaccinia.  The serum was procured, pooled, and bot- 
tled without preservative, using aseptic precautions.  It was not inactivated and 
was kept at a temperature of about 4°C. 
Test Animals.  Healthy, full-grown, white rabbits were used in all tests.  The 
hair was removed from the flanks by careful shaving or by barium sulphide,  pre- 
ferably by shaving.  The inoculations, with few exceptions, were made intracutan- 
eously.  If care is used, circular lesions can be obtained with  the endermic tech- 
nique.  The lesions were measured up to three  days after  their  appearance,  at 
which time secondary lesions generally occurred. 
Preparation of Neutral Mixtures.  Neutral mixtures  of vaccine virus and  its 
immune serum were usually prepared by adding  to a given amount of antiserum 
an equal quantity of a  1:200 or 1:400 dilution of suspension of fresh virus.  No 
incubation was required, since neutralization occurred instantly. 
Experimental Results 
Catapkoresis Tests 
Our  intention  in  performing cataphoresis  tests  on  neutral virus- 
immune serum mixtures was to note whether the virus could be sepa- 
rated from its antiserum by means of an electric current.  A  typical 
experiment,  which  on  repetition  gave  similar  results,  is  shown  in 
Protocol I. 
Protocel I.  The method of cataphoresis as applied here has already been fully 
described (8).  As preliminary tests, we studied by means of cataphoresis vaccine- 
virus infected testicles of rabbits in suspensions at pH  -- 6 to 8.  The virus was 
uniformly recovered at the anode.  The prior observations of Douglas and Smith 
(9) that the virus, or material containing the virus, migrates in an electrical field 
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There were prepared 100 cc. of equal parts of virus and antiserum at a pH  ffi 
7.8, which was proved ineffective by animal inoculation test.  After three hours' 
cataphoresis  at 4.8 milliamperes  with a potential drop of 117 volts, active virus 
was obtained at the anode,  as revealed by intracutaneous inoculation of anodic 
material in the rabbit. 
In repeated experiments,  the pH of the neutral mixtures of virus and immune 
serum measured,  respectively,  6, 7.5, 7.6, and 8; the milllamperage varied from 3 
to 4.5;  the potential drop from 115 to 118 volts (or from 38.3 to 39.3 volts per 
tube) and time constantly three hours.  In all these tests the virus was again re- 
vealed at the anode. 
The results obtained from repeated tests show that from mixtures 
which  are  ineffective as  such,  active  vires  can  be  recovered from 
anodic material after cataphoresis.  Hence it can be inferred that in 
neutral  mixtures  of the  virus  and  its  antiserum,  the  former is  not 
destroyed by the serum. 
Influence of Electrical  Charge on Union 
Bedson and Bland (10) have recently reported that they have been 
able to  determine the electrical charge of herpes and  vaccinia virus 
particles  by  measuring  the  ascent  of  the  particles  into  negatively 
charged  blotting  paper  dipped  into  suspensions  of  the  viruses  for 
given periods of time.  It was thought that a  change in the electrical 
charge of the vaccine virus particles might be demonstrated by this 
method, if union occurred with its specific antiserum. 
An  example of the  results  obtained  in  five separate  experiments 
is given in Protocol II. 
Protocol II.  15 cc. of a 1:200 dilution of fresh testicular neurovaccine virus in 
phosphate buffer at pH  ffi 7.5 were prepared.  To this was  added 15 cc. of the 
serum from a rabbit recovered from neurovaccine-vims infection.  The mixture 
was divided into two portions and in each was suspended to the depth of 0.5 cm. 
a strip of blotting paper 1 cm. wide and 10 cm. long.  After one hour the strips were 
removed and cut into centimeter lengths.  The paper corresponding to the third, 
fourth, and fifth centimeter was used for animal test.  In the case of the first 
strip of blotting paper, the different lengths were applied directly to scarified areas 
on the flank of Rabbit A, and then rubbed into these areas.  In the instance of the 
second strip of blotting paper, the different lengths were ground with  3  cc.  of 
Ringer's solution, and 0.5 cc. of the supernatant fluid was injected intracutaneonsly 
into the flank of Rabbit B.  Rabbit A was unaffected,  but  Rabbit B developed 
characteristic vaccinal lesions at the sites of inoculation.  For controls in each 
experiment, virus by itself and virus plus normal rabbit serum were used. 212  VACCn~  V~US 
From  these  tests,  which,  on  repetition,  gave  similar  results,  it 
follows that at a hydrogen ion concentration of 7.5, the neutralization 
of vaccine virus by its specific antiserum does not result in an appre- 
ciable change in  the electrical charge carried by the virus particles. 
Leucocytic Test for Union 
Recently Smith (ll) has shown that vaccine virus, injected into the 
circulation  of  a  completely  immune  rabbit,  disappears  rapidly, 
and  that  the  removal from the  circulation  is  a  consequence of  the 
fixation of the virus by leucocytes.  This test was repeated in a rabbit 
immune to vaccinal infection, as revealed by its resistance  to dermal 
and  corneal inoculation of the virus. 
5 cc. of a  1 : 50 saline suspension dilution of virus were injected into the margin a 
ear vein.  Three hours later the animal was bled from the heart  2 to the extent of 
40 cc.  The blood was mixed with 4 cc. of 20 per cent sodium citrate to prevent 
clotting and after centrifugation, the white cells were collected from the huffy 
layer, washed several times in warm physiological saline solution,  and a thick sus- 
pension injected endermically into a rabbit.  The whole blood, washed red cells, 
plasma,  diluted whole blood,  and diluted plasma were used as controls.  The 
latter produced no lesions but the white blood cells induced within forty-eight 
hours at the site of inoculation a characteristic vaccinal lesion. 
Thus this test confirmed Smith's observation in indicating that in 
an immune animal the virus is removed from the  circulation by the 
leucocytes and, therefore, is not found to be inactivated in the pres- 
ence of immune plasma. 
Effect of Storage in the Cold on Union 
It was observed that now and then certain ineffective mixtures of virus and its 
immune serum, kept at a temperature of about 4°C. for periods of from one to 
eight  weeks,  again  became potent.  In one of five such  occurrences,  among 
twenty-seven neutral virus-immune  serum mixtures, activity was  revealed in a 
dilution of 1 : 1 million, even though the mixture had been kept in the icebox for 
four weeks.  The original titration of the virus showed potency in a dilution of 
1 : 10 million. 
Although the results are not constant, their frequency of occurrence 
attracts  attention  to  the fact that  the union  between  virus  and  its 
antiserum, if it exists at all, is a loose one. 
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Dilution Tests 
A series of twenty-seven tests was made to determine the effect of 
dilution upon neutral mixtures of vaccine virus and immune serum. 
The results can be summarized as follows: 
Protocd  III.  Methods.  Serial dilutions of the mixtures were prepared rang- 
ing from 1:20 upwards but, in most instances not carried beyond 1:160, since it 
TABLE 1 
Size of Lesions on First, Second, and Third Days 
Dilution of immune-serum 
Amount injected  (cc.)  1:20  I  1:40  I  1:80  [  1:150 
Size of lesion (ram.) 
First day 
0.05  3  0  6  10 
0.1  4  6  8  12 
0.2  6  8  9.5  13 
0.4  6  8  12  21 
Second day 
0.05  6  6  11  15 
0.1  8  12  13  17 
0.2  " 7  14  15  17 
0.4  12  16  18  22 
Third day 
0.05  6  6  10  14 
0.1  9  12  14  14 
0.2  7  14  16  22 
0.4  14  16  20  28 
was found that beyond this dilution no visible evidence was apparent of any influ- 
ence of the serum upon the size of  the  lesion.  The diluents used were  physio- 
logical salt  solution, Ringer's solution, Locke's solution,  sterile  broth, normal 
serum, whole blood, and distilled water.  The range of pH extended from 5.5 to 
8.4. 
As a rule, 0.5 cc. of each dilution  was injected along a line in the shaved flank of 
a rabbit.  A titration of the virus was always made on the opposite flank.  With 
precision in the technique, the endermic inoculation yields almost always circular 
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CHART I.  Showing the  quantitative relations of  dilution  and  size of lesions 
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It soon became apparent from the varying size of the lesions that, 
up to a dilution of 1:160, a definite relation existed between the  diam- 
eter  of  the  lesions  and  the  dilution  of  the  immune  serum,  since 
vesicles of the same size could usually be obtained by diluting neutral 
mixtures beyond  1:160,  at which point the immune serum ceased to 
exert any influence upon the size of the lesion.  A  typical example is 
given in Experiment A. 
Experiment A.  Dilutions of neutral mixtures of vaccine virus and its antiserum 
were prepared in such a manner that while the concentration of the serum varied 
in the different dilutions,  the concentration of the virus remained constant.  0.05, 
0.1, 0.2, and 0.4 cc. of each dilution was injected into the shaved flank of Rabbit A 
and with the appearance of the lesions measurements of their diameters were made 
until the secondary eruption appeared.  These measurements are given in Table 1. 
In  Chart I is given the remarkable quantitative relations between dilutions of a 
mixture of virus and its antiserum and the size of the lesions, in the case of another 
rabbit.  The abscissae  are proportional to the dilution of the mixture;  the ordi- 
nates are proportional to the areas of the lesions. 
It was found that if total amounts of diluted mixtures were inoculated, the lesions 
varied in size in proportion to the dilution of the antiserum, the virus being kept 
constant in amount at each injection by diluting 0.01 cc. of a neutral mixture with 
0.09 cc., 0.19 co., 0.39 cc., and 0.79 cc. of distilled water respectively.  As a control, 
0.01 cc. of virus suspension  was diluted with an equal amount of distilled  water. 
The total volumes were then inoculated into the flanks of rabbits. 
Over-Neutralized  Mixtures.  When  over-neutralized mixtures  comprising one 
part of virus plus 2, 3, or 4 parts of immune serum, which was still in the range of 
effectiveness, were diluted with appropriate amounts of distilled  water, the same 
dilution effect was observed.  However, with these mixtures the dilution had to be 
increased in proportion to the degree of over-neutralization before a characteristic 
result could be obtained.  For example, 1:80 of a mixture over-neutralized four 
times produced a certain sized lesion, but 1: 20 of a mixture exactly neutralized, 
and in which the same materials were used, yielded the same sized lesion. 
It would appear from these experiments that the size of the lesion 
bears a direct relationship to the dilution employed.  Furthermore, it 
is  possible  to  estimate  the  probable  size  of  a  lesion  which  may  be 
induced by diluted  mixtures of virus and  its antiserum,  if given the 
size produced by a known dilution. 
DISCUSSION 
Early in the course of the experimental work presented here, it was 
thought  that the effects produced by dilution  of mixtures of vaccine 216  VACCmE vmus 
virus  and  its  specific  antiserum probably  follow  the  law  of  mass 
action (12).  Later, with more experimental data at hand, it became 
apparent that while the observed phenomena might be interpreted as 
following this law,  no conclusive evidence could be noted of union 
occurring between the virus and its immune serum.  This might well, 
however, be due to  very weak combination between the two  com- 
ponents,  the  compound being at  all  dilutions in  equilibrium with 
varying amounts of its constituents. 
The results of cataphoresis experiments demonstrate that the virus 
can migrate in a neutral, ineffective mixture of virus and its antiserum 
in a  similar manner as in a  saline or aqueous suspension.  Further- 
more, when the virus particles are in contact with antiserum, there 
appears to be no change in its electrical charge.  In addition, if virus 
is introduced into the circulation of  an immune  rabbit,  it is appar- 
ently taken up by the leucocytes and is not found to be in combination 
with the blood serum.  While this method of protection of the animal, 
first observed by Smith, argues against a  conception of stable union 
between the virus and immune serum, it cannot be, by itself, regarded 
as conclusive evidence against a loose combination with an equilibrium 
such as is described above. 
The tests show definitely that the dilution of a neutral mixture of 
vaccine virus and immune serum renders it lesion-producing and that 
the size of the lesions bears a  direct relationship to  the amount of 
diluent employed.  The  readiest  explanation of  this striking  effect 
is  that given above,  that there is a  loose combination between the 
virus and serum, the separation of which follows relations which can 
be deduced from the law of mass action. 
CONCLUSIONS 
1.  When  vaccine  virus  and  its  specific  antiserum  are  brought 
together, no evidence of stable union between them can be determined 
by the experimental methods employed. 
2. A definite relationship exists between the degree of dilution of a 
neutral vaccine virus-antiserum mixture and  the  size of the lesion 
produced by endermic inoculation of rabbits of any given dilution. PEI~IN H.  LONG AND  PETER  K.  OLITSKY  217 
BIBLIOGRAPHY 
1. Todd, C., Brit. J. Exp. Park., 1928, 9,244. 
2. Andrewes, C. H., J. Path. and Bact., 1928, 31,671. 
3. Ehrlich, P., Deutsch. mecl. Woch., 1898, 25, 579. 
4. Arrhenius,  S., and Madsen,  T., Festschrift Staogens Serum  Institut,  Copen- 
hagen, 1902, Paper III. 
5.  Bordet  , J., and Gay, F. P., Studies in Immunity, New York, 1909. 
6. Levaditi, C., and Nicolau, S., Ann. Inst. Past., 1923, 37, 1. 
7. Noguchi, H., J. Exp. Med., 1915,21,539. 
8.  Olitsky, P. K., and Long, P. H., J. Exp. Med., 1929, 50, 263. 
9. Douglas, S. R., and Smith, W., Brit. J. Exp. Pat];., 1928, 9, 213. 
10. Bedson, S. P., and Bland, J. O. W., Brit. J. Exp. Path., 1929, 10, 67. 
11. Smith, W., Brit. J. Exp. Path., 1929, 10, 93. 
12. Long, P. H., and Olitsky, P. K., Science, 1929, 69, 72. 